The plaque assay system of Jerne, Nordin, and Henry (8) has been widely used to study the kinetics of the antibody response to numerous antigens (3, 4, 12, 17) . However, this technique has not been used to study the immunological response after injection of mycobacterial antigens.
Little information on the immunoglobulins responsible for hemagglutination (HA) and hemagglutination-lysis (HL) of old tuberculincoated cells is available. Daniel (1, 2) has reported that injection of soluble old tuberculin or alum-precipitated purified protein derivative elicits 19S antibody production, whereas injection of old tuberculin in adjuvant results in production of 19S and 7S antibody. Injection of Mycobacterium tuberculosis or live BCG caused production of both 19S and 7S antibody. Turcotte, Freedman, and Sehon (18) found both 19S and 7S antibodies in patients with tuberculosis. Patients with active disease had low levels of 19S antibody but high levels of 7S antibody. Both Daniel (2) and Turcotte et al. (18) Immunoelectrophoresis. LKB 6800 A immunoelectrophoresis equipment (LKB Produkter Ab, Stockholm, Sweden) was used. The procedure recommended by the manufacturer as described in the operating manual was followed. All antisera used for developing precipitin bands were obtained from Immunology, Inc., Glen Ellyn, Ill.
RESULTS
Plaque assay studies. Spleens were removed from the rabbits at several time intervals after a single intravenous injection of 107 viable M. tuberculosis and were assayed for plaque-forming cells. Even though considerable variation is observed between counts from different animals ( Fig. 1 (12) .
The mean HA and HL titer of the animal sera collected on the day of sacrifice are also shown in Fig. 1 Figure 2 contains the results of this study and shows various rates of antibody formation by the animals. However, all rabbits with the exception of rabbit 4 produced the same titer by day 10. Thus, it would appear that the variations in plaque counts are due to variation in onset and rate of antibody formation. (Fig. 3) showed that most of the HL and HA activity was found in the first protein peak (19S antibody). A small amount of antibody activity was found in the second peak (7S immunoglobulin).
Because the slight activity in the 7S immuno- globulin peak could be due to retardation of 19S antibody as it filtered through the column, serum as well as the 19S and 7S fractions showing the highest protein and antibody concentration was treated with 2-ME. As can be seen in Table 1 , 2-ME abolished the HA and HL activity in the serum and in the 19S and the 7S immunoglobulin fractions. A small amount of HA activity in serum (4 units) was not affected by 2-ME.
Since Daniels (1) immunoglobulin activity in rabbits injected with killed M. tuberculosis, serum obtained from rabbits 9 weeks after injection was treated with 2-ME. The results (Table 2) show that a small amount of antibody resistant to 2-ME was found in one of four rabbits. Immunoelectrophoretic studies. Immunoelectrophoresis of the 19S fraction and development of precipitin lines with goat antirabbit total serum globulin resulted in formation of two precipitin FIG. 5 . Immwnoelectrophoretic studies ofuntreated and 2-ME treatedfractions using goat antirabbit 7S globulin. bands in the 19S region extending from the well to the right (Fig. 4, top slide) . A 7S immunoglobulin was not detected in the 19S fraction, indicating the absence of detectable 7S globulin in the 19S fraction. The 7S fraction in the bottom well gave a 7S precipitin band. Treatment of the 19S fraction with 2-ME resulted in a loss of one precipitin band and an increase in the diffusion rate of the other precipitin band (Fig. 4, bottom  slide) Immunoelectrophoresis of the 19S and 7S fractions and development of precipitin lines with goat antirabbit 7S globulin show a single 19S precipitin band (Fig. 5, top slide, top well) and a 7S precipitin band (bottom well). The absence of an effect by 2-ME on the immunoelectrophoretic pattern of the 7S fraction is shown in Fig. 5 (12, 13, 19) . However, greater variability in our study might be due to use of animals which were not highly inbred. One other factor which might account for the variability is the use of live microorganisms in immunization.
Attempts to show antibody production by the cluster formation method of Zaalberg et al. (20) were unsuccessful, although this technique was successfully employed in studies with other antigens.
The effect of 2-ME on rabbit serum indicated that HA and HL activity was due to a 19S immunoglobulin or a 2-ME sensitive 7S globulin. Daniel (1) (15) . However, the other band disappears after 2-ME treatment. Kim et al. (9) have shown that the 19S -y G precipitin band is unaffected by 2-ME treatment.
Daniel (1) has shown the presence of small amounts of 2-ME sensitive 7S antibody in rabbits 2 weeks after injection of killed M. tuberculosis. This 2-ME sensitive 7S antibody persisted until the 6th or 7th week after injection at which time most of the antibody activity was due to 2-ME resistant antibody. Our studies on serum obtained 9 weeks after infection with viable M. tuberculosis show the presence of a small amount of 2-ME resistant antibody (4 HL and 8 HA units) in one of four sera.
Thus, it appears that the antibody responsible for the HA and HL reaction is a 19S antibody. However, studies with antisera from animals with a prolonged infection might yield evidence for other immunoglobulin types. Finally, it must be noted that the techniques for detecting antibody activity in this study are more sensitive for 19S immunoglobulin than for 7S immunoglobulin (6, 7, 14) .
